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Introduction  
 
The spatial relationship between race, ethnicity, poverty, and hazardous waste has been a salient 
theme in environmental justice literature. However, this spatial relationship remains contested, as 
some scholars argue that racial minorities and the poor disproportionately live near hazardous 
waste facilities (Bullard 1983; United Church of Christ 1987; U.S. General Accounting Office 
1983; Gould 1986; Mohai and Bryant 1992; Stretesky and Hogan 1998; Mohai and Saha 2006; 
Aydin and Morefield 2009) and other scholars argue that this relationship is actually quite weak 
(Anderton et al. 1994; Yandle and Burton 1996; Anderton et al. 1997). One major problem 
within these studies is the spatial-temporal framing of environmental justice issues. Societal 
understandings of the threat of hazardous waste sites to human populations have only come to 
fruition in the recent past. The EPA itself only declared environmental equity a major priority in 
the mid-1990s, yet hazardous waste sites have existed for decades (Anderton et al. 1997). Robert 
Bullard, the father of environmental justice, stated that there is more to the field of 
environmental justice than the siting of toxic waste in poor and minority neighborhoods (Bullard 
1996). In order to truly measure patterns of environmental justice, we must also examine the 
changing demographics around toxic waste facilities over time. The question then becomes: are 
there indirect patterns of environmental injustice occurring around existing waste facilities? 
Examining patterns of direct environmental injustice may point to institutional bias, but patterns 
of indirect environmental justice may point to larger societal problems such as widespread 
classism and racism (Stetskey and Hogan 1998).  
 
In order to address the issue of indirect environmental injustice, this study examines the 
relationship between race, ethnicity, poverty, and proximity to Superfund sites in the state of 
		 3	
Tennessee using census tract level data from 2000 and 2010 and distance based methodology. 
This study contributes to the environmental justice literature in two ways. First, the longitudinal 
nature of this project and the advanced methodology will bring us closer to an understanding of 
the spatial relationship between these variables over time and on a state level scale. Previous 
studies in this area utilize subsections of census data from the 1970s, 1980s, and 1990s. Although 
these studies provide an excellent base level of understanding, they may not capture the latent 
nature of indirect discrimination caused by larger structural forces. Second, this study takes a 
state based approach in order to examine the importance of place when assessing proximity to 
toxic waste. National environmental justice studies may disguise regional or state level patterns 
of injustice, which can ultimately be detrimental in crafting policy to combat discrimination.  
 
The first section of this paper will detail the process of Superfund site designation by the EPA, 
and the difference between Superfund sites and other types of toxic waste facilities. The second 
section of this paper will provide an overview of the study of environmental justice and evaluate 
past studies on the spatial relationship between race, class, and toxic waste sites. The third 
section of this paper will examine the methodological concerns of quantitative environmental 
justice studies and evaluate the use of distance based methodology. The fourth section of this 
paper will describe the data and measure, including the construction of the dependent variable, 
and key independent variables. The fifth section of this paper will detail the multivariate results 
from this study, and the last section will explore possible limitations and implications for future 
research.  
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Types of Toxic Waste Facilities  
 
 
Superfund sites, the primary foci of this study, are highly polluted locations that require the long-
term cleanup of hazardous material contaminations. The designation of these sites began after the 
enactment of the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) of 1980. Unregulated companies dumped toxic waste in sites across the United 
States, causing deleterious effects to human health and the environment. The effects of toxic 
waste on human health were heavily publicized in the 1960s and 1970s, with the most notable 
case being the Love Canal disaster in New York. The Love Canal was a neighborhood in 
Niagara Falls, New York where homes were built on top of 22,000 tons of toxic waste that had 
been buried in the ground by the Hooker Chemical Company. According to the EPA, residents 
experienced a distressingly high rate or miscarriages, birth defects, cancer, and a variety of other 
health conditions. In 1978 president Jimmy Carter announced the Love Canal disaster a federal 
health emergency and designated federal funds to clean up the land. The Love Canal, and a 
number of other environmental disasters, led the federal government to pass a number of laws 
pertaining to toxins, including the CERCLA act.  
 
CERCLA enables the EPA to designate Superfund sites based on the Hazard Ranking System 
(HRS). Highly contaminated sites designated by the HRS are placed on the National Priority List 
(NPL). The hazard ranking system is a complex system that takes into account three major risk 
factors: the likelihood that a site could release hazardous material, type of waste, and whether or 
not the surrounding population is affected by the release of hazardous material. There are four 
potential pathways that are assessed in the HRS: groundwater migration, surface water 
migration, soil exposure, and air migration. New Superfund sites are designated each year as 
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toxic waste sites created by negligible companies continue to be uncovered. More importantly, 
the EPA notes that “inclusion of a site on the NPL does not in itself reflect a judgment of the 
activities of its owners or operator, it does not require those persons to undertake any action, nor 
does it assign liability to any person. The NPL serves primarily informational purposed, 
identifying for the States and the public those sites or other releases that appear to warrant 
remedial actions” (EPA 2015). Essentially, a NPL designation does not force a negligent 
company to clean up toxic waste. However, the EPA has sought financial compensation from 
responsible parties through the U.S. Department of Justice. The main issue with forcing 
companies to clean up waste is that responsible parties either no longer exist or companies have 
since broken apart to form new companies. Therefore there is not always a clear party to blame 
for the toxic dumping.  
 
Other toxic waste facilities typically examined in environmental justice studies include 
treatment, storage, and disposal facilities (TSDFs) and companies participating in the Toxic 
Release Inventory (TRI).  TSDFs are hazardous waste management facilities that receive toxic 
waste from other sources for cleanup or storage. The Resource Conservation and Recovery Act 
(RCRA) gave the EPA the power to control all hazardous waste in the U.S. The TRI inventory 
was created under the Emergency Planning and Community Right-to-Know Act (EPCRA) of 
1986 and requires companies to report chemical storage and release information. Although both 
TSDFs and the TRI have been the focal point of some environmental justice studies, the use of 
these facilities in uncovering patterns of discrimination is somewhat limited. TSDFs may not be 
the best facilities for understanding patterns of indirect environmental injustice because the EPA 
oversees the original siting of these facilities. The TRI does not provide the most accurate nor 
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complete data because the entire system is self-reporting. Superfund sites may be better suited 
for examining indirect patterns of environmental injustice, because the original siting of these 
facilities were never dictated by the EPA.  
 
The Field of Environmental Justice  
 
The field of environmental justice represents a synthesis of academic actors, social movement 
actors, and government actors working together to uncover and prevent patterns of 
environmental inequality. Some of the major terms associated with the environmental justice 
movement include: environmental justice, environmental inequity, and environmental racism. 
Environmental justice and environmental inequality both refer broadly to how disadvantaged 
groups are exposed to environmental toxins more so than majority communities. The EPA itself 
did not adopt principles of environmental justice into its framework until 1994. According to the 
EPA, environmental justice is:  
The fair treatment and meaningful involvement of all people regardless of race, color, 
national origin, or income with respect to the development, implementation, and 
enforcement of environmental laws, regulations, and policies. EPA has this goal for all 
communities and persons across this Nation. It will be achieved when everyone enjoys the 
same degree of protection from environmental and health hazards and equal access to the 
decision-making process to have a healthy environment in which to live, learn, and work 
(EPA 2015).  
Environmental racism refers specifically to how racial minorities and underrepresented ethnic 
groups disproportionately face environmental injustice compared to whites. Benjamin Chavis, 
who was the head of the United Church of Christ’s Commission for Racial Justice, created the 
term “environmental racism.” According to Chavis: 
Environmental racism is racial discrimination in environmental policy-making and 
enforcement of regulations and laws, the deliberate targeting of communities of color for 
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toxic waste facilities, the official sanctioning of the presence of life threatening positions 
and pollutants in communities of color, and the history of excluding people of color from 
leadership of the environmental movement (Chavis 1994: pxii).  
When uncovering patterns of environmental injustice or environmental racism, it is not just the 
question of do these inequalities exist, but also why do they exist. Understanding the entire 
process how racial minorities and the poor are unfairly exposed to toxic waste or the deleterious 
effects of climate change is imperative for crafting policy or social movement activism around 
environmental injustice. One major debate within the field of environmental justice is the classic 
race vs. class argument. Essentially, do racial minorities experience environmental inequity 
because they are poor? Ever since the publication of “The declining significance of race” by 
William Julius Wilson in 1980, the liberal policy agenda has focused on breaking class barriers 
for black communities to combat racism. Environmental justice studies have added to this debate 
by examining which effect is stronger, race or class, in determining proximity to toxic waste. For 
Mohai and Saha (2006), there are three categories of factors used to theorize why racial and 
socioeconomic disparities exist: economic factors, sociopolitical factors, and racial factors.  
Economic arguments primarily focus on inequalities that arise from advanced capitalism. For 
example, when an industry is picking a place to create a new facility, land cost plays an 
important role and cheap land is primarily located in minority and cash poor neighborhoods 
(Moai & Saha 2006, Rhodes 2003). Alternatively, some scholars argue for the minority move in 
hypothesis. Once a toxic waste facility is sited, wealthy whites may flee and minorities may 
move in (Been 1994). Sociopolitical arguments primarily refer to the dearth of social and 
political capital held by disadvantaged communities (Bullard 1990, Pellow 2002). Racial 
minorities and the poor do not have the necessary resources to combat waste siting. The “not in 
my back yard” (NIMBY) movement, just like the mainstream environmental movement, has 
traditionally been led by wealthy white people. Mohai and Saha (2006) explain that “racial 
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factors are involved if siting in minority neighborhoods is intentional.” Proving direct racism by 
the EPA or by industry is nearly impossible in quantitative studies.  
 
Many scholars argue that environmental classism and racism cannot exist unless scholars can 
prove that the sites were originally placed in minority neighborhoods (Been 1994, Mohai & Saha 
2006). This argument is inherently flawed. If minorities are unequally exposed to the hazardous 
waste, or have become unequally exposed to hazardous waste over time, regardless of the initial 
intention of industry or government, environmental inequity still exists. Stretesky and Hogan 
(1997) argue that “while direct discrimination may be overt or institutionalized, indirect 
discrimination is by-and-large institutionalized and can be related to larger structural inequalities 
and market forces” (Stretesky and Hogan 1998:269). For example, housing markets can 
contribute to indirect environmental racism when realtors or homeowners refuse to rent or sell to 
individuals based on race. Additionally, white communities may engage in covert racist actions 
to prevent minority move in. These potential processes of racial and class based discrimination 
would be best understood in qualitative research. However, quantitative approaches to 
environmental justice are still imperative to understanding if environmental justice exists, on 
what scale it exists, and how patterns of environmental justice have changed over time.  
 
 
Quantitative Approaches to Environmental Justice 
 
 
A major sector in the field of environmental justice is interested in empirically assessing whether 
demographic indicators predict proximity to toxic waste. Essentially, are racial minorities and the 
poor unfairly exposed to the hazards of toxic waste in comparison to middle class or wealthy 
white folks? As stated previously, many of these studies have led to contradictory findings. A 
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primary focus of this study is uncovering the methodological concerns that plague the field of 
environmental justice. One major concern is a lack of agreement on what “proximity” really 
means in terms of exposure. How close do racial minorities and the poor have to live to toxic 
waste for it to really be considered environmental injustice? How far does toxic waste spread 
into different communities?  
 
There are two approaches to quantitative environmental justice studies: pollution dispersion and 
site proximity. Pollution dispersion studies collect data on what happens to pollution during and 
after the time is introduced into the atmosphere or waterways. This includes information on 
timing of the release, distance traveled, and the final deposition of the pollutant. This type of data 
can be used in conjunction with demographic data to uncover potential patterns of environmental 
inequity. These studies can then be used in epidemiological research to conduct risk exposure to 
human health. However, there are two major issues with pollution dispersion assessments for 
environmental justice. First, these studies are incredibly expensive to conduct and do not always 
provide complete nor accurate data. Second, social schemas probably play more of a role in 
determining where to live, as opposed to holistic pollution dispersion studies. Essentially, when a 
family is considering where to move, it is doubtful that they are thinking about how a pollution 
can travel from 20 miles away through a waterway that could potentially end up their backyard. 
However, trash facilities or toxic waste facilities nearby could seem like a more viable threat.  
 
The most popular method, and the one employed in this paper, is site proximity assessment. 
These studies specifically examine the demographic characteristics of the populations 
surrounding hazardous waste facilities. Virtually all national level, regional, and state level 
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environmental justice studies use this approach because data availability and reliability currently 
make this the most viable option. Two of the most influential and landmark studies of 
environmental equity were published in the 1980s by the United Church of Christ’s Commission 
for Racial Justice and the United States Government Accounting Office. The United Church of 
Christ’s final report concluded that although class was a significant predictor of proximity to a 
Superfund site, race was actually the strongest predictor, implying that environmental racism 
may be a bigger issue than general environmental injustice (UCC 1987:13). The GAOs study 
examined the demographic characteristics surrounding TSDFs in the Southeastern United States. 
The study concluded that, “Blacks make up the majority of the population in three of the four 
communities where landfills are located. At least 26 percent of the population in all four 
communities have income below the poverty level and most of this population is Black” (U.S. 
Government Accounting Office 1983:3). These studies, while imperative for the movement of 
environmental justice, lacked the methodological rigor provided by new age statistical 
techniques.  
 
Anderton et al. (1994) conducted a similar study to the GAO’s study on a national scale using 
Metropolitan Statistical Areas (MSAs) with at least one TSDF. Using regression analysis, the 
authors concluded that the only significant predictor of proximity to a TSDF for the year 1980 
was percentage of the population employed in manufacturing jobs. Anderton et al. (1997) used 
the same methodology to examine Superfund sites and census data from 1970, 1980, and 1990. 
The authors argue this analysis “strongly contest[s] the hypothesis that sites are more likely in 
minority or disadvantaged communities” (Anderton et. al 1997:21). However the authors also 
found that there is a less timely designation of NPL sites from neighborhoods with a higher 
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percentage of Black residents (Anderton et al. 1994: 23). Although the regression analysis in 
these studies were more rigorous than the analysis from the GAO and UCC, the use of MSAs is 
problematic especially when considering places like the southeast that contain rural communities 
of color and impoverished whites.  
 
Yandle and Burton (1996) also found no evidence of environmental inequity in a study 
examining hazardous waste landfills in metropolitan Texas using chi-square tests and Karmer’s 
V with 1990 census tract level data. This is one of the only studies that found poverty as a 
significant indicator but not race. When examining Superfund sites located in Florida combined 
with census data from 1970, 1980, and 1990, Stretesky and Hogan (1998) found that Blacks and 
Hispanics were more likely than whites to live near Superfund sites. This is one of the only 
environmental justice studies to acknowledge direct versus indirect kinds of discrimination. The 
authors argue, “We have strong reason to suspect that some areas were singled out for waste 
disposal as they were largely nonwhite and poor, however, we also believe that indirect forms of 
discrimination may be responsible for any racial, ethnic, or economic demographic changed that 
occurred after site placement” (Stetesky & Hogan 1998: 284).  
 
The disparate finding in each of these studies suggests two things. First, there is an underlying 
methodological issue in regards to measurement of “proximity” and the inclusion of proper 
control variables in quantitative environmental justice studies (Mohai & Saha 2006, Mohai & 
Saha 2007, Baden et al 2007). This suggests a lack of theoretical development in the field as a 
whole. Second, the prevailing issue in all these studies relates to causal order and the use of 
		 12	
cross-sectional data. Cross-sectional analysis fails to address how this spatial relationship has 
changed over time. Furthermore, explaining this spatial relationship before Superfund sites were 
known to be hazardous is illogical. Direct discrimination may not have occurred simply because 
racial majorities lacked knowledge of potential harm, as Aydin and Morefield (2009) suggest. 
The lack of evidence of environmental inequity at the time of siting does not suggest that 
discrimination itself does not exist. As Stretesky and Hogan (1998) suggest, indirect 
discrimination could still be creating environmental injustice.  
 
Spatial Methods for Estimating Environmental Racism and Environmental Injustice 
 
In order to address the methodological issues plaguing environmental justice studies, Mohai and 
Saha (2006) proposed the use of distance based methodology in assessing proximity to toxic 
waste. The classic approach used in the studies mentioned above employ the unit hazard 
coincidence method. These studies select a geographic unit—census tracts, zip codes, block 
groups, counties, etc.—and identify which units host the hazards. These studies then compare the 
demographic characteristics of the host tracts to the non-host tracts. This method fails to take into 
account exactly where the hazard is located within the geographic unit as well as how close the 
hazard is to surrounding units. When examining NPL sites and census tracts, one major issue is 
that many Superfund sites lie on the border of their host census tracts. Figure 1 (A) shown below 
provides a visual of this predicament using a NPL site and surrounding census tracts in 
Tennessee. The unit hazard coincidence approach would fail to account for the demographic 
characteristics of the census tract that is less than a mile away from this NPL site. Distance based 
methodology accounts for this spatial issue by including the demographic characteristics of 
nearby geographical units in analyses.  
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Figure 1: Comparing Census Tracts around Superfund Sites by Unit-Hazard Coincidence and Distance 
Based Methods  
 
                          
(a) Superfund Site and Host Tract                        (b) Census Tracts within 1 mile of Superfund Site 
 
The three distance based approaches proposed by Mohai and Saha (2006) include: 50% areal 
containment, areal apportionment, and boundary intersection. For the 50% areal containment 
method, researchers draw a radius of a specified distance around a hazardous site and calculate 
the area of the geographic unit captured by the circle (See figure 1 (B) which depicts a one mile 
radius around a Superfund site). Demographic characteristics of the geographic units with greater 
than 50% containment are then averaged or aggregated and compared to geographic units with 
less than 50% containment (Mohai & Saha 2006: 387). Examples of this method can be found in 
Anderton et al. (1994), Davison and Anderton (2000), Mohai and Saha (2007), and Kearney and 
Kiros (2009). While better than the unit hazard coincidence approach, this method uses arbitrary 
cutoffs for containment. For instance, if a census tract has 45% of its area in the circle, and 
primarily contains racial minorities, according to this method, the census tract would be 
considered a non-host tract.  
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The areal apportionment method, favored by Mohai and Saha (2006) and Kearney and Kiros 
(2009) allows for the weighting of the demographic characteristics based on the area that is 
contained within the circle. The formula for the areal apportionment method is given below:  
 
In this method, the circles themselves become new geographic 
units of analysis. In the formula on the left, C represents the 
demographic characteristics within neighborhoods, i represents the 
unit, ai represents the area of unit I that lies within a specified 
radial distance, Ai represents the total area of the specified unit, 
and n represents the number of units that are contained in the circle. After creating these new 
units from the geographic units surrounding the hazard, the researcher will then generate a 
random sample of geographical locations not near hazardous waste (with an n equal to the 
number of new units) and create new units non-host using the same formula. The new host units 
are then compared to the new non-host units using logistic regression to determine patterns of 
environmental injustice. Although seemingly advanced, this method suffers from selection bias. 
Studies that use this technique select on the dependent variable, which can lead to invalid 
conclusions.  
 
The third method, boundary intersection, albeit simpler than the other two, does not arbitrarily 
exclude data. In the boundary intersection method, circles of a predefined radii are drawn around 
the hazardous site. Mohai and Saha (2006) explain that, “All units whose boundaries are wholly 
contained by, partially intersected by, or tangent to a circle of a specified distance centered at the 
environmental hazard are considered in the host neighborhood” (Mohai & Saha 2006: 387). This 
							 	 	 												n	
        ∑ ( ai  / Ai ) (Pi)(ci) 
                 I=1 
C= ________________ 																	n	
             ∑ ( ai  / Ai ) Pi 
                          I=1 	
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method allows for the inclusion of geographic units that are nearby hazardous waste in the “host” 
category without suffering from selection bias.  
 
Mohai and Saha (2006) tested each of these methods using 1990 national level census tract data 
and TSDFs. The authors found that, “[When] racial and socioeconomic disparities around the 
nation’s TSDFs are analyzed by applying distance-based methods, such disparities are found to 
be greater than when the unit-hazard method is applied” (Mohai and Saha 2006: 396). Kearney 
and Kiros (2009) tested the distance based methodology proposed by Mohai and Saha (2006) 
using Superfund sites in Florida combined with 1990 census tract data. The authors concluded 
that race and ethnicity were significant predictors of where Superfund sites were located, but 
were unable to test socioeconomic demographic characteristics because of mulitcollinearity. 
Similar to these previous studies, this paper will examine Superfund sites in Tennessee and 
census tract level data from 2000 and 2010 and compare the unit hazard coincidence approach to 
newer distance based methodology, specifically the boundary intersection method.  
 
Data  
 
The data for this study come from three sources: NPL data from the EPA Superfund Enterprise 
Management System (SEMS), demographic data from the decennial Census, and demographic 
data from the American Community Survey (ACS).  SEMS data can be downloaded directly 
from the EPA’s website (www.epa.gov). This website provides information on proposed NPL 
sites, final NPL sites, and deleted NPL sites including physical addresses, longitude and latitude 
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coordinates, dates of designation, and dates of cleanup (when applicable). The longitude and 
latitude coordinates of each NPL site in Tennessee were cross-checked using Google Maps.  
 
Demographic data on race, ethnicity, class, and occupations were downloaded from the U.S. 
Census Bureau, using American Factfinder (http://factfinder.census.gov). All of the demographic 
data for the year 2000 come from the decennial Census. The race and ethnicity variables for the 
year 2010 come from the decennial Census, but the class and occupation data come specifically 
from the ACS. Similar to the decennial Census, the ACS is a national survey conducted by the 
U.S. Census Bureau. In 2010, the Census Bureau eliminated the long form, and only asked 
respondents ten questions, thus eliminating many of the variables that are imperative to the 
present study. The detailed socioeconomic information that was collected in the past censuses 
was officially moved to the ACS. The ACS collects data on respondents every year or every 
three years, depending on population size. The ACS samples a much smaller percentage of the 
population in comparison to the decennial Census. However, the data ACS is widely considered 
to be an acceptable sample of the U.S. population in general. For the years the 2010 and 2014 the 
coverage rate of the ACS remained between 97.7 and 99.2 percent in the state of Tennessee (U.S. 
Census 2015). The ACS also provides the margin of error for every calculation made, which 
provides information of the precision of the estimate. Each observation provided by the ACS in 
the current study was scanned for high margins of error prior to use. 
 
Measures   
 
Dependent Variables: (1 )NPL site located inside the Census Tract (1=Yes)  (2) NPL located 
within a one mile buffer surrounding the NPL (1=Yes)  
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NPL sites were selected based on the year of designation. For the year 2000, NPL sites that were 
designated before 2000 and between 1 and 5 years after 2000 were included in the final analysis. 
The same method was used for the year 2010. Although some of the sites had not yet been 
designated in the years included in the analysis, the sites were still in existence rendering them 
important in determining patterns of environmental injustice. Sites that were cleaned up prior to 
the two study years were not included in this analysis. 19 NPL sites were included in the final 
analysis for 2000 and 17 NPL sites were included in the final analysis for 2010. Figure (1) shows 
the distribution of NPL sites across the state of Tennessee for each year.  
 
Figure 2: Distribution of Superfund Sites in Tennessee in 2000 & 2010  
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After identifying the NPL sites in Tennessee, two dependent variables are constructed for each 
study year. Following the unit hazard coincidence approach, the first binary dependent variable 
measures whether or not a NPL site is located within a census tract. The host tracts were 
identified by incorporating NPL coordinates from EPA’s CERCLAS data into U.S. Census shape 
files using the program ArcGIS. The second binary dependent variable incorporates distance-
based methodology and measures whether or not any portion of a census tract falls within a one 
mile buffer surround the NPL. Similar to the first dependent variable, the second dependent 
variable was constructed using ArcGIS. A one-mile radius was drawn around each NPL site 
using the Buffer feature. Each census tract within the one-mile radius was then identified using 
the Clip feature. In the case of both binary dependent variables, host tracts were identified by 
matching the Federal Information Processing Standard (FIPS) codes from the U.S. Census shape 
files to the U.S. Census data files containing the main independent variables.  
 
Independent variables 
 
The census variables in this study were chosen based on their inclusion in previous quantitative 
environmental justice studies and based on the general racial, economic, and sociopolitical trends 
specific to Tennessee. The race/ethnicity variables include percent African American and percent 
Hispanic. Economic/class variables include mean household income and percent below the 
poverty level. Population variables include percent urban, percent rural, and total population. 
Industry variables include percent employed in farming, agriculture, and mining; and percent 
employed in manufacturing. In some previous studies (Mohai & Saha 2007; Kearney & Kiros 
2009) occupation is strictly measured by categorizing occupational data into “blue collar” or 
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“white collar” jobs. This occupational class distinction may be less important to the state of 
Tennessee for a couple reasons. First, the state of Tennessee is 44% farmland, with agriculture 
being an imperative industry for the Tennessee economy. Tennessee experienced rapid 
population growth from 2000 to 2010, which included a massive influx of Latino and Latina 
population. Historically, Hispanic populations are employed in seasonal industries, such as 
agriculture. Theoretically, NPL sites are less likely to be near food production. Second  
manufacturing continues to be an imperative industry in Tennessee, despite the national 
shrinkage of manufacturing jobs in the later part of the 20th century. Therefore specifically 
examining percentage employed in these two industries may yield more interesting results 
compared to using the blue collar/white collar distinction. Table 1 gives the demographic 
comparisons for all study variables for 2000 and 2010 for both the unit hazard coincidence 
method and the boundary intersection method.  
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Table 1. Demographic Comparisons of Census Tracts  
 
      
 2000 
  
 
2010 
Variables 
Unit-Hazard 
Coincidence 
 Distance 
Boundary 
 
 
Unit-Hazard 
Coincidence 
 Distance 
Boundary 
 
 
Host 
Tracts 
 
Non Host 
Tracts 
  
Host 
Tracts 
 
Non Host 
Tracts 
  
Host 
Tracts 
 
Non Host 
Tracts 
  
Host 
Tracts 
 
Non Host 
Tracts 
Race/ethnicity   
           
     Mean black  1166 735  1607 702  1128 710  1129 704 
     Mean Hispanic  48 99  52 101  138 197  125 198 
Economic  
           
     Mean  household income 43336 36811  43100 46929  41374 60675  58439 60690 
     Mean below poverty  146 128  167 126  750 760  818 759 
Labor 
           
     Mean employed in manufacturing 348 401  299 404  272 249  215 250 
     Mean employed in agriculture  27 29 
 
15 29   28 20  20 20 
            
Mean Rural 2177 1642  1127 1673  1853 1444  1202 1454 
Mean Urban  1421 2905  2591 2896  3124 2850  2967 2850 
Total population  3598 4547  
3718 4569  4978 4294  4169 4303 
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Analytic Strategy and Multivariate Results  
 
This study uses Firth’s penalized likelihood method rather than conventional maximum 
likelihood for all estimated logistic models using the package “logistf” in R.1 Conventional 
maximum likelihood estimation is unsuited for rare event data, and suffers from small sample 
bias (Firth 1993, King & Zeng 2001). This method is appropriate for this data set because of the 
rarity of NPL sites in Tennessee compared to census tracts. For the year 2000, 1254 census tracts 
are included in the final analysis with 19 NPL sites using the unit hazard coincidence method and 
54 census tracts within one mile of an NPL using the distance boundary method. For the year 
2010, 1473 census tracts are included in the final analysis with 16 NPL sites using the unit 
hazard coincidence method and 36 census tracts within one mile of an NPL using the distance 
boundary method. All models are estimated using complete case analysis. Census tracts with a 
population of zero and census tracts with less than 300 people are excluded in this analysis, as 
this data was often missing. Percent employed in farming, agriculture, and mining is not used in 
the final analysis because its exclusion did not significantly alter the results. The same was true 
of percent urban and percent rural. The exclusion of these variables improves the overall fit of 
each model, because the addition of independent variables with a rare event dependent variable 
introduces more bias into the model. All of the models had a pseudo R squared between 0.15 and 
0.2. Multilevel models were estimated for each year and method with census tract level data 
nested into counties. These results are not included because of null findings for each model. 
Interaction terms between poverty and race and ethnicity variables were also estimated for each 
year and method but each of these terms were insignificant and also excluded in the final results.  																																								 																					1	Since R uses an open source platform and the packages are not completely trustworthy, all models were retested 
using STATA. The results were not substantively different.  
		 22	
Table 1 shows the multivariate results for all four models estimated in this study. The regression 
coefficients are represented as odds ratios. For the year 2000, when applying the unit hazard 
coincidence model, percent African American (alpha = .001) is the only significant predictor of 
the location of an NPL site. However, when applying the distance boundary method, percent 
African American, logged mean household income, and percent employed in manufacturing are 
all significant predictors of the location of an NPL site (with significance levels of .000, .036, 
and .005, respectively). Surprisingly, percent Hispanic and percent of families below poverty are 
insignificant in both models. For the year 2010, when applying the unit hazard coincidence 
model, none of the variables are significant predictors of the location of an NPL site. However, 
when applying the distance boundary method, percent African American is the only significant 
predictor of location of an NPL site.  
 
Discussion and Conclusion  
 
 
This study extends previous environmental justice research by exploring patterns of 
environmental inequity in Tennessee over a ten year period. Specifically, this study sought to 
understand how unit hazard coincidence and distance based methodology may yield differing 
results, and how patterns of environmental racism and classism in Tennessee change over time. 
The findings from this study suggest that distance based methodology may be better suited for 
uncovering patterns of discrimination when compared to the unit hazard coincidence approach. 
The results concur with previous studies that suggest that environmental injustice does exist 
(Mohai and Saha 2006, Mohai and Saha 2007, Kearney and Kiros 2009, Stretesky and Hogan 
1998). However, the results from 2010 suggest that environmental racism is larger problem in
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 C
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 C
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.000 *** 
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.256 
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.95 
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.088 
 
1.00 
.96 – 1.04 
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.834 
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the state of Tennessee than general environmental injustice.  
The changing demographics surrounding hazardous waste in Tennessee between 2000 and 2010 
may provide support for the theory of indirect discrimination proposed by Stretesky and Hogan 
(1998). Although it is unclear whether these hazardous waste sites were originally sited in 
minority areas, the results show that by 2010, NPL sites are primarily located in black 
communities. This is a significant finding when compared to the results from 2000, which found 
evidence of environmental classism as well as environmental racism. So the question becomes: 
why does class eventually become insignificant? Although the answer to this is outside the scope 
of this quantitative study, there are a few possible answers. First, racism in the housing market 
could be forcing black into areas that contain hazardous waste. Second, there could be some 
discrepancies in the cleanup of hazardous waste, meaning that perhaps the sites located in low 
income areas were cleaned up faster than the sites located in black communities. Regardless of 
the process behind this finding of environmental racism, the finding it is imperative for creating 
policy in Tennessee. Perhaps class based initiatives are not always the answer to combating 
racism.  
 
Limitations and Implications for Future Research  
 
 
There are two major limitations to this study, and all studies examining the spatial relationship 
between race, ethnicity, economic indicators, and Superfund sites. First, there are an unknown 
amount of Superfund sites in the United States. There are sites that have yet to be uncovered and 
therefore cannot be included in this study. These unknown sites have the potential to skew results 
by inflating or deflating spatial relationships. Second, there may be discrepancy in the 
designation process of Superfund sites. Wealthier communities have the resources and cultural 
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capital to promote the designation of Superfund sites more so than poorer, unconnected 
communities with access to fewer resources. Anderton et al. (1997) found that higher percentage 
of Black residents and the poor decrease the likelihood of prioritization. Although this potential 
discriminatory pattern is outside the scope of this particular study, it does have implications for 
the results. The actual NPL prioritization process itself may hide patterns of environmental 
injustice. As stated previously, the disparate findings in environmental justice studies point to a 
lack of theoretical development in the field and lack of proper methodology. Although distance 
based methods propel the field forward, they also suffer from some bias. Often times the radii 
chosen in distance based methods are arbitrary distances. Future research should explore new 
quantitative methodology for examining proximity to toxic waste including continuous measures 
of distance. 
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